A cost savings of approximately $34/ha and $55/ha on two groves respectively, was realized after the adoption of a VRT fertilizer spreader system.
Introduction
The case study is a research strategy employed when the questions of "how" and "why" are the goals of the investigator. Case studies are appropriate in situations where the investigator has limited control over behavioral events and the topic focuses on a contemporary issue versus a historical one (Yin, 2003) . Case studies can assist in answering the why question, after theoretical and statistical experimentation has determined "what", they do not replace these forms of experimentation, but case studies can be used to complement them (Kennedy and Luzar, 1999) .
A technology adoption survey discussed by Sevier and Lee (2003) answered the questions of "who" have adopted precision farming technologies and "what" technologies were adopted. Additionally, Sevier and Lee (2004) by estimating a binomial probit model, established a demographic profile for Florida citrus producers that may be willing to adopt precision farming technologies. The goal of case study provided herein is to extend that research and to determine the "why" related to the adoption of precision farming technologies by Grove XYZ. Secondly, emphasis is placed on determining "how" they went about investigating and investing in the precision technologies they chose.
Similar analyses to this case study were performed by Batte and Arnholt (2003) , on six cuttingedge farms in Ohio, which had adopted precision farming technologies. That study used a multiple case study approach to cross-compare the six farms. Yin (2003) indicates that the use of a single case does not decrease its validity versus multiple case studies, as long as the single-case meets at least one of four rationales. This case fits the third rationale that the caretaking organization at the center of this single-case or holistic study is considered typical, or representative. The caretaking organization, other than their decision to adopt precision farming technologies, is not set apart in anyway from other caretakers. Prior to this technology adoption, their methods of managing clients' groves and production areas were similar to those of other caretakers who were using traditional crop management practices without precision technologies.
Objectives
In this case study the adoption process and investment decision made by an existing citrus caretaking organization is analyzed. Their identification has been withheld for reasons of anonymity for their clientele. The case identifies their production practices prior to considering the investment in precision farming technologies. In the discussion the alternatives that were considered and the final technology adoption decision is presented. The specific objective of this case study is to determine if the grower achieved break-even (BE) status on their investment in precision farming technologies.
Case Background
Grove XYZ is a citrus production management company in the "Ridge" production area of Central Florida. As a caretaker organization, their primary objective is to manage the production, harvesting, and marketing of their clients' citrus products. The majority of their clients' production capacity was targeted towards the processed orange juice industry, however a small segment of their business, specifically tangerines, tangelos, red grapefruit, and some oranges are sold through fresh fruit marketing channels.
The company directly controls approximately 500 hectares of citrus property that it manages, in addition to another 1,800 hectares that it manages for its clientele. Grove XYZ has maintained a caretaking business for fifty years. With a staff of 30 employees, many having been with the company in excess of 15-20 years, there is quite a large amount of tenure within this organization with regards to citrus production management, and long-standing relationships with their clients.
Production Strategies Prior to Adoption
Prior to considering the adoption of precision farming technologies, XYZ followed what most in the citrus industry consider fairly standard production practices. The grove production manager determines, based on variety, rootstock, soil type and tree age, how to proceed with soil amendments, tree nutrition, irrigation and necessary pesticide applications. These production decisions were made on a grove-by-grove basis and carry over from year to year. Production strategies change in situations of lower than expected yield from the previous year's harvest, future production expectations or in the case of some weed/pest outbreak, and inclement weather such as freezes or hurricanes. Production decisions conformed to a template that made production similar and consistent for the entire grove, not on a site-specific basis.
Business Decision Strategy
The Problem
Grove XYZ came to a point in their organization, where the need arose to purchase a new dry fertilizer spreader to replace a worn and obsolete spreader system. With this purchasing decision came the opportunity to consider a variable-rate fertilizer application spreader. Variable-rate technology (VRT) refers to the machine's ability to vary the applied amount of chemical while traveling through the grove. Variable-rate application can be implemented in real-time using electronic sensors that determine tree size, or it can be predetermined by soil sampling and then placed into a prescription map using GPS locations to apply the predetermined rate. In this specific decision, XYZ was more interested in considering a dry fertilizer spreader versus a VRT liquid applicator. With possibly purchasing a VRT applicator, XYZ was interested in solving several production problems:
• Resolve fertilizer application issues regarding variations in tree age.
• Realize a cost-savings by not applying a single-rate of fertilizer to immature trees in resets and also avoid applying fertilizer to skips.
• To decrease weed pressure on resets.
• Comply with Ridge Area best management practice (BMP) guidelines while still applying adequate fertilizer to high producing areas of the grove.
The Alternatives
Grove XYZ considered VRT applicators versus a standardized fixed-rate applicator. With the use of a fixed-rate applicator, XYZ had been well aware of the waste that was created by applying a single rate of materials across an entire grove. As in many groves across the state, XYZ manages groves that contain a noticeable number of resets or skips. Citrus trees are planted in rows, and in a mature grove that contains no resets or skips, there are no breaks between the trees as one travels down a row with an implement or applicator. In other words, there is a consistent string of trees in a row that are of similar age, canopy size, tree height, and the trees have a tendency to have similar yields from season to season.
Resets refer to a location where a tree as a result of age, disease, weather or pest damage, or it has surpassed its optimal maturity and can no longer produce an acceptable yield, has been replaced by a young tree. Skips refer to the location where the tree has not been replaced and there is a "blank" spot in the row. In the scenario where a fixed-rate applicator is being used in a grove that has a substantial number of skips or resets, the applicator may not have the ability to stop an application where there might be a skip (no tree at all) or a reset (a tree not needing the same application amount as a mature tree). Hence the waste was observed by XYZ by having used a single-rate applicator in the past.
Considering possible alternatives with regard to the VRT applicator, the decision involved the purchase of a real-time VRT system or a prescription map-based system. The real-time VRT system uses a system of "eyes", and depending on the brand, this "eye" can be based on laser, infrared or optical sensors. As the implement, in this case a dry fertilizer spreader, travels down the rows of a grove, in "real-time" the sensors determine the size of the next tree or even if there is a tree in the next space. If the "eye" sees a mature tree, it applies the full amount to the location of the tree. Likewise if it sees a tree of smaller size, it decreases the application amount appropriately. Lastly, if it senses no tree at all, no material is applied to that location.
The second VRT applicator option is based on the premise of establishing a prescription map in order to vary the rates of application. The prescription map-based systems require the grove owner or caretaker to establish a grid-sampling regime in order to determine what materials are needed. By various methods of interpolation, a map can be created to identify regions of variability within the grove that may need varying rates of material. This map is then fed into a VRT applicator that is GPS controlled, and it travels through the grove applying the prescribed rate of material to the grove based on its location in correspondence to the prescription map.
The Adoption Decision
Although XYZ was not in a position to say which VRT system was "better", they did feel more comfortable in determining that the real-time VRT system was a better solution for their organization. They were more concerned with the waste associated with materials being applied to resets and skips, where it was not needed Grove XYZ proceeded with the decision to purchase a VRT dry fertilizer applicator. They adopted a variable rate controller (Legacy Control System, MidTech, Inc.) with an optic tree size sensor (CCI Eye System, Chemical Containers, Inc.). The purchase was made in 2003 at a cost of approximately $16,000, and was placed into production for the first fertilizer application of 2004. Since that time five (5) VRT fertilizer applications have been made, including the January application of 2005. An analysis on application efficiency of this adoption is presented in the following sections of this chapter.
The Adoption Analysis
Grove XYZ provided production data from two separate groves for this portion of the analysis. Tables 1  and 2 assume that there was no change for the costs related to equipment setup, use, time and labor. All costs were set constant to determine the breakeven cost of the investment in the VRT spreader system.
In Table 1 the application data provided from XYZ is reported. In adhering to their normal practices, for the January and March applications of 2003, the grove manager made fertilizer recommendations of 0.44 MT/ha and 0.29 MT/ha respectively. Having no other means to vary the application at that time, the fixed-rate applicator applied the full amount established for that grove, on those two applications.
In 2004, the grove manager made his recommendations for the fertilizer application, which was 0.43 MT/ha for the January fertilization. This application was then made using the VRT applicator. Because the VRT system could vary the application based on identifying resets and skips, as well as other tree age variations as seen in the size of the tree, the full recommended application was not made. There The average cost savings per hectare for the two fertilizer applications was $17.14 per hectare, but XYZ was able to save a total of $34.27/ha for the entire season. In order to recover the costs of the investment and break even (BE) on the VRT system, XYZ would need to use the VRT system on 85.6 hectares to break even based on the production costs for Plot A. This does not mean that XYZ lost money on this investment, recall they have the ability to spread the costs of this investment over a possible 2,300 ha.
In addition, if the cost of fertilizer were to decrease to roughly $200 /MT, it would require XYZ to implement the VRT system on approximately 98.4 ha to recover their investment cost during that year. On the other hand if fertilizer costs were to increase to $260 /MT, then XYZ would only need to implement its use on 75.73 ha to recover their annual costs. The sensitivity analysis shows that the cost of adoption can be more easily absorbed in a situation where input costs are high, because fewer hectares are required to recover the investment cost in conjunction with higher input costs.
The analysis for Grove XYZ, Plot A assumed that this grove was the total production area owned by a citrus producer in order to formulate the BE analysis. If this were a grower with a production area of only 70 ha, than this grower would not have the capacity or scale to spread the costs solely across their own production area. However, they would have the opportunity to spread some excess capacity to other producers who may be in a similar situation of being "too small" to afford the investment. This may be an ideal scenario for a small to medium-sized grower to initiate a custom fertilizer service to other small to medium-sized producers in order to breakeven on the investment. In 2004, there were four applications made using the VRT system. During the years 2001 and 2002, only three fertilizer applications were made for those seasons. In order to properly compare VRT savings to the fixed-rate applicator, the comparison in Table 2 , it was higher than the recommended application amount identified by the grove manager. The grove manager prescribed an application of fertilizer for this grove at 0.79 MT, and the VRT system applied 0.89 MT instead, but it was still a savings of 0.04 MT/ha from the previous season's application. The reason for this overage in application was because the anticipated savings by the VRT system was calculated into that application recommendation. The anticipated savings calculated by the grove manager was not exact; however a savings was still realized. The analysis for break even was performed on Plot B, assuming the adoption of the technology to be independent of Plot A due to the variation in the scale of the two plots. Productions costs are spread across the area being managed so in order to accurately reflect the cost of adoption and the return on investment, Plot B breakeven estimates are shown in Table 2 .
Grove XYZ made a $15,685.00 investment by adopting a MidTech Legacy Control System, (with CCI Eye System) for their fertilizer spreader system. Using the same assumptions as in the Plot A analysis, a loan was acquired to cover the full cost of the adoption. This loan was issued for seven years, with an annual interest rate of 8.00%. The annual financed cost of the adoption was $2,933.64. The average costs savings per hectare over the January through September fertilizer applications in 2004, was approximately $14.00/ha, and a total savings for the season of $55.20/ha. In order to recover the annualized cost of the investment, XYZ would need to implement the use of the VRT system on 53.2 hectares in order to recover their costs through fertilizer application savings. In addition, if the cost of fertilizer were to decrease to $200 /MT, then XYZ would need to use the VRT system on a total of 61 ha to recover their investment costs for that year. On the other hand, if fertilizer costs were to increase to $260/MT, XYZ would only need to implement the VRT system on 47 hectares. 
Conclusion
Grove XYZ is realizing a savings in cost of production on both of the grove plots that they provided data for. Plot A (70 ha) was experiencing an approximate savings of $34/ha. The smaller of the two production areas, Plot B (4 ha) experienced a savings in production costs of approximately $55/ha.
The VRT fertilizer system is now being used on approximately 550 hectares of total managed production area of approximately 2,300 hectares. They have not moved their entire management area into VRT application at this time. From a management perspective they feel that this would not be a wise decision since not all of their managed groves have the tree size variability issues. They still maintain fixed-rate applications on their properties that have consistent tree size and ages. It is also worth noting that XYZ has encountered a decrease in VRT spreader effectiveness of properties and groves that have an increased topographic profile. The less hills and inclines are better suited for the effectiveness of the VRT in distributing the fertilizer. Sevier and Lee (2003 and 2004) observed that the scale of the grove was a determinant in the adoption of precision farming technologies. Data for Plot B provided in Table 2 was only a 4-hectare (10 acre) grove. This scenario of contracting services from a caretaker who utilizes precision farming technologies, allows the smaller grove owners to now "adopt" a once unachievable level of technology. The costs of a VRT system are quite high when compared to the holdings of a relatively small grove owner.
